Introduction
Total knee arthroplasty (TKA) has been proven to be a successful surgical treatment for knee osteoarthritis [1] [2] [3] . The aim of TKA is to achieve stable and well-aligned tibiofemoral and patello-femoral (PF) joints. To this end, accurate alignment of knee implants and soft tissue balance is essential [4] [5] [6] [7] . In order to estimate soft tissue balance during operation, we have developed an offset-type tensor for TKA which is designed to allow assessment throughout the range of movement with the PF joint reduced and the femoral component in place [8, 9] .
Using this tensor for primary TKA with a measured resection technique, we previously described the measurement of soft tissue balance including the joint component gap and varus ligament balance in CR and PS TKA, its clinical relevance, and the accuracy of measurement [7, 8, [10] [11] [12] . In that series of studies, we emphasised the importance of maintaining a reduced and anatomically orientated PF joint and femoral component replacement in order to obtain accurate and more physiologically-relevant soft tissue balance [8, 11] . For the soft tissue balance measurement with the PF joint reduced, we inserted a trial patellar component and temporarily repaired the medial parapatellar arthrotomy by applying stitches both proximally and distally to the connection arm of the tensor. Joint component gap measurement with the tensor showed a smaller gap during flexion by reducing the PF joint when compared with patella everted, and a smaller gap in CR TKA when compared with PS TKA [8, 9] .
The knee extensor mechanism (patellar tendon-patellaquadriceps complex) elongates with knee flexion and pressure on the PF joint changes with knee flexion angle [13] . This suggests the patella height may also influence soft tissue balance. The purpose of this study was to investigate the relationship between soft tissue balance and patella height. Moreover, in the present study, we focussed on the influence of patella height on soft tissue balance and compared results between CR and PS TKA. It was postulated that the joint component gap positively correlated with patella height only at high knee flexion angle in PS TKA.
Materials and methods
Forty consecutive patients blinded to the type of implant received were randomised prospectively into 20 who received CR TKA (NexGen CR flex; Zimmer Inc, Warsaw, India) and 20 with PS TKA (NexGen LPS flex; Zimmer Inc.). The CR TKA group consisted of women with a mean age of 74.0±5.6 years and the PS TKA group comprised 17 women and three men with a mean age of 73.2±6.0 years. Each patient had varus deformity, with those receiving CR TKA having a mean preoperative femoro-tibial angle in standing position of 185.0±7.3°and those with PS TKA, 186.6±9.6°. Pre-operative Insall-Salvati index (ISI) [14, 15] was measured using lateral radiographs.
Offset-type tensor
The tensor consists of three parts-an upper seesaw plate, a lower platform plate with a spike and an extra-articular main body [8, [10] [11] [12] . Both plates are placed at the centre of the knee and we applied one of two tensioning devices designed to fit either a CR or PS TKA. The PS TKA tensor consists of a plate with a proximal post, which fits into the intercondylar space with a cam for the femoral trial prosthesis. This postand-cam mechanism controls the tibio-femoral position in both the coronal and sagittal planes. The CR TKA tensor has a plate with a proximal convex-shaped centraliser, which fits into the intercondylar space and controls coronal alignment of the joint. These mechanisms allow reproduction of joint constraint and alignment after implantation of the components.
The device was designed to allow surgeons to measure ligament balance and the gap between the centre of the joint and component while applying a constant distraction force. Distraction forces ranging between 13.6 kg (30 lb) and 36.3 kg (80 lb) can be exerted between the plates through a specially made torque driver which can change the applied torque value. After sterilisation, the driver is placed on a rack which contains a pinion mechanism along the extra-articular main body, and the appropriate torque is applied to generate the designated distraction force. In preliminary, in vitro experiments we obtained an error for joint distraction within ±3 %. Once distracted, the angle (°) between the plates and the distance (mm) between the midpoints of the upper surface of proximal plate and proximal tibial cut were measured using a constant joint distraction force. We were thus able to determine the ligament balance and the gaps between the centre of the joints and the components. The angular divisions and joint gap distance were put on a graded scale by one degree and one millimetre and measured with 0.5 as the minimum unit.
Intra-operative measurement
All TKA were carried out using a measured resection technique with a conventional resection block. Using a tourniquet, we performed a medial parapatellar arthrotomy. In the 20 patients randomised to receive a CR TKA, the anterior cruciate ligament (ACL) was resected and the posterior cruciate ligament (PCL) preserved along with its bony island. In the 20 patients randomised to receive a PS TKA, the ACL and PCL were both resected.
After bony resection and soft-tissue release, we fixed the tensor to the proximal tibia and fitted the trial femoral component. The joint distraction force was set at 40 lb (18 kg) in all patients. We selected this distraction force because it creates a gap in the joint at full extension with the trial femoral component in place which corresponds to the thickness of the insert derived from our preliminary clinical studies. We loaded the joint distraction force several times until the gap between components remained constant in order to reduce the error that can result from creep elongation of the surrounding soft tissues. At this point, we measured the joint component gap (joint centre gap) (mm) and varus ligament balance (varus angle) (°) with the knee at 0°( full extension), 10°(flexion), 45°(mid-range flexion), 90°( flexion) and 135°(deep flexion) with the PF joint reduced. For the soft tissue balance measurement with the PF joint reduced, we inserted a trial patellar component and temporarily repaired the medial parapatellar arthrotomy by applying stitches both proximally and distally to the connection arm of the tensor. During each measurement, the thigh and knee were aligned in the sagittal plane in order to eliminate the external load on the knee at each angle of flexion.
Statistical analysis
All values were expressed as mean ± standard error of the mean (SE). The results were analysed statistically using a statistical software package (Statview 5.0, Abacus Concepts Inc, Berkeley, CA, USA). Correlations between ISI and the component gap at each flexion angle were analysed using linear regression. Differences and correlations of P <0.05 were considered statistically significant.
Results
The mean joint component gaps with the patella reduced with the knee at 0°, 10°, 45°, 90°and 135°of flexion were 12.9±0. 4 There was no correlation between the joint component gap and patella height at any flexion angle in CR TKA. However, the joint component gap positively correlated with patella height at 90°(R=0.55, P=0.01) and 135°(R= 0.50, P=0.02) in PS TKA (Fig. 1) . At the other angles in PS TKA, there were no correlations between the joint component gap and patella height (Table 1) . Varus ligament balance showed no correlations with patella height at any flexion angles. 
Discussion
The most important finding of our study was that patella height showed positive correlations with the joint component gap at 90 and 135°of flexion in PS TKA, but no correlation with the other parameters examined including CR TKA. This suggests that patella height may be an important factor influencing intra-operative soft tissue balance at high flexion angles especially in PS TKA. In our assessment, based on previous studies showing the influence of patella reduction and femoral component placement on soft tissue balance [8, 9] , we measured soft tissue balance with the femoral component in position and the PF joint reduced to accurately assess the influence of patella height on intra-operative soft tissue balance as it reflects in the postoperative knee condition. The primary function of the PCL is to resist posterior tibial translation [16] [17] [18] . However, it also acts to maintain a stable joint gap between the femur and tibia beyond 90°flexion [19, 20] . PCL resection during TKA is associated with an increase in the flexion gap compared with the extension gap [19] . Thus, the PCL plays an important role in maintaining the flexion gap and stability during flexion after CR TKA with the PCL preserved [10, 19] . Moreover, the PCL and the patellar tendon are almost parallel to the longitudinal axis of the tibia when the knee is flexed 90° [21] . Therefore, it is likely the patellar tendon is critically important in maintaining the joint gap when the knee is flexed in PS TKA with the PCL resected [22] . Considering these findings, we postulated that soft tissue balance during knee flexion was associated with the length of the patella tendon, or patella height in PS TKA with the PCL resected.
In this study, we postulated that the PCL was a more important factor for influencing soft tissue balance during flexion than the patella tendon in CR TKA with the PCL preserved. As expected, there was no correlation between the joint component gap and patella height at any flexion angle in CR TKA. These results may suggest that the PCL affects intra-operative soft tissue balance more significantly than the patella tendon in CR TKA with the PCL preserved (Fig. 2) . However, the joint component gap positively correlated with patella height at 90 and 135°of knee flexion in PS TKA. As expected, these results suggest that although the PCL is probably one of the most important restraints maintaining the joint gap, the patella tendon is also associated with the joint gap in PS TKA with the PCL resected (Fig. 2) . On the other hand, varus ligament showed no correlation with patella height in either CR or PS TKA. In the previous study, while the joint component gap (centre gap) showed significant differences at high flexion angles between CR and PS TKA, there was only minimum difference in varus ligament balance between CR and PS TKA [23] . Taken together, the PCL and patella tendon are anatomically oriented in the central portion of the knee and may thus exert more influence on the centre gap (joint component gap) than lateral/medial laxity or tightness (varus ligament balance).
There are some limitations in this study. The influence of patella height is a result of two main factors, patella tendon strain and patella tendon length. However, patella tendon strain was not measured. Thus, the relationship between patella tendon strain and patella length was unclear. In a future study, this relationship should be clarified. In addition, other factors influencing the extensor mechanism such as tightness of the quadriceps tendon may also be related to the flexion gap. In the future, the relationship between soft tissue balance and other elements of the extensor mechanism should be addressed. Moreover, the number of patients assessed was small and the high rate of female patients in our Japanese population may not be typical of the population undergoing TKA worldwide.
In this study, we investigated the relationship between patella height and intra-operative soft tissue balance in CR and PS TKA, and showed a correlation between the joint component gap and patella height only at high flexion angles (90 and 135°) and only in PS TKA. These results indicate that the PCL is an important factor influencing intra-operative soft tissue balance at high flexion angles in CR TKA, and the patella height is the most important factor in PS TKA. Therefore, it is necessary to consider the influence of patella height as well as other factors to achieve a satisfactory soft tissue balance in PS TKA.
Conclusion
There was a correlation between the joint component gap and patella height only at high flexion angles (90 and 135°) in PS TKA. Pre-operative measurement of patella height was important for predicting intra-operative soft tissue balance especially in PS TKA.
